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	Figure S1. Location of sampling sites in Beijing: (a) Ming Tombs (OT); (b) Airport (NB); (c) Beijing University (BJ); (d) Dong Si EPB (XY); and (e) Yong Le Dian (CH).



Table S1. Chemical composition from burning Datong Coal from China during 
three burning stages (unit: wt% of fine particle mass).
 	Initial Stage	Middle Stage	Final Stage
OC	40.9 ± 2.2	33.6 ± 2.0	21.9 ± 7.2
EC	13.3 ± 0.7	44.6 ± 2.3	13.8 ± 1.7
			
ionic species			
chloride	1.71 ± 0.04	0.73 ± 0.04	0.70 ± 0.36
nitrate	0.06 ± 0.02	0.00 ± 0.02	0.00 ± 0.02
sulfate	0.53 ± 0.02	1.86 ± 0.10	7.23 ± 0.99
ammonium	0.46 ± 0.02	0.47 ± 0.03	2.38 ± 1.00
sodium	0.16 ± 0.02	0.18 ± 0.03	0.16 ± 0.22
			
X-ray fluorescence			
aluminum	0.041 ± 0.012	0.000 ± 0.020	0.000 ± 0.168
silicon	0.288 ± 0.058	0.072 ± 0.032	1.164 ± 0.450
phosphorus	0.000 ± 0.004	0.000 ± 0.010	0.000 ± 0.081
sulfur	0.191 ± 0.032	0.842 ± 0.143	3.882 ± 1.265
chlorine	1.209 ± 0.137	0.294 ± 0.067	0.000 ± 0.448
potassium	0.306 ± 0.035	1.140 ± 0.136	1.442 ± 0.406
calcium	0.000 ± 0.023	0.000 ± 0.017	0.000 ± 0.133
titanium	0.005 ± 0.002	0.011 ± 0.008	0.080 ± 0.072
vanadium	0.000 ± 0.001	0.000 ± 0.006	0.000 ± 0.050
chromium	0.000 ± 0.001	0.000 ± 0.006	0.043 ± 0.052
manganese	0.000 ± 0.001	0.000 ± 0.007	0.000 ± 0.065
Iron	0.079 ± 0.006	0.093 ± 0.010	0.530 ± 0.133
nickel	0.000 ± 0.001	0.014 ± 0.003	0.002 ± 0.030
copper	0.163 ± 0.009	0.009 ± 0.003	0.028 ± 0.029
Zinc	0.107 ± 0.006	0.174 ± 0.011	0.272 ± 0.066
gallium	0.000 ± 0.001	0.000 ± 0.003	0.000 ± 0.022
germanium	0.000 ± 0.001	0.004 ± 0.003	0.000 ± 0.022
arsenic	0.000 ± 0.003	0.017 ± 0.009	0.093 ± 0.076
selenium	0.000 ± 0.001	0.000 ± 0.003	0.000 ± 0.031
bromine	0.005 ± 0.002	0.019 ± 0.004	0.000 ± 0.037
rubidium	0.000 ± 0.002	0.000 ± 0.005	0.048 ± 0.048
strontium	0.000 ± 0.002	0.000 ± 0.006	0.050 ± 0.056
yttrium	0.000 ± 0.002	0.001 ± 0.007	0.000 ± 0.061
zirconium	0.000 ± 0.005	0.000 ± 0.025	0.205 ± 0.239
molybdenum	0.000 ± 0.007	0.002 ± 0.036	0.035 ± 0.344
palladium	0.000 ± 0.010	0.000 ± 0.027	0.112 ± 0.255
silver	0.025 ± 0.013	0.004 ± 0.037	0.332 ± 0.354
cadmium	0.045 ± 0.017	0.000 ± 0.043	0.000 ± 0.405
indium	0.018 ± 0.019	0.013 ± 0.051	0.433 ± 0.491
Tin	0.022 ± 0.023	0.046 ± 0.061	0.685 ± 0.598
antimony	0.034 ± 0.030	0.000 ± 0.075	0.926 ± 0.742
barium	0.114 ± 0.116	0.000 ± 0.306	0.159 ± 2.935
mercury	0.000 ± 0.002	0.000 ± 0.005	0.112 ± 0.051
lead	0.007 ± 0.005	0.040 ± 0.014	0.000 ± 0.127



Table S2. Organic compounds in particle phase emitted from burning Datong coal from China (µg g-1 OC).
n-heptadecane	206	fluoranthene	3603
n-octadecane	456	acephenanthrylene	1302
n-nonadecane	703	pyrene	3173
n-eicosane	886	retene	3157
n-heneicosane	886	methyl-substituted 202 MW PAH	2416
n-docosane	980	benzo(ghi)fluoranthene	748
n-tricosane	911	cyclopenta(cd)pyrene	768
n-tetracosane	693	benz(a)anthracene	1078
n-pentacosane	554	chrysene/triphenylene	1028
n-hexacosane	339	methyl-substituted 226 MW PAH	347
n-heptacosane	289	methyl-substituted 228 MW PAH	636
n-octacosane	157	benzo(k)fluoranthene	663
n-nonacosane	288	benzo(b)fluoranthene	695
n-triacontane	94	benzo(j)fluoranthene	245
n-hentriacontane	133	benzo(e)pyrene	415
n-dotriacontane	37	benzo(a)pyrene	648
n-tritriacontane	34	perylene	90
22,29,30-trisnorhopane	28	indeno(cd)pyrene	741
22,29,30-trisnorneohopane	5	benzo(ghi)perylene	682
17(H)-21(H)-29-norhopane	39	picene	89
17(H)-21(H)-hopane	45	indeno(cd)fluoranthene	225
22S-17(H),21(H)-homohopane	14	coronene	295
22R-17(H),21(H)-homohopane	10	naphtho(1,2-k)fluoranthene	241
22S-17(H),21(H)-bishomohopane	6	dibenzo(b,k)fluoranthene/thaphtho(2,3-b)fluoranthene	202
22R-17(H),21(H)-bishomohopane	5	dibenzo(a,e)pyrene	83
tetradecanoic acid 	1033	naphtho(2,1-a)pyrene	81
pentadecanoic acid 	193	8,15-pimaredienoic acid	85
hexadecanoic acid	2925	pimaric acid	234
heptadecanoic acid	172	sandaracopimaric acid	1489
octadecanoic acid	672	isopimaric acid	1595
nonadecanoic acid	114	dehydroabietic acid	12950
eicosanoic acid	391	abietic acid	4296
heneicosanoic acid	98	abieta-6,8,11,13,15-pentae-18-oic acid	958
docosanoic acid	775	abieta-8,11,13,15-tetraen-18-oic acid	2084
tricosanoic acid	223	7-oxodehydroabietic acid	3385
tetracosanoic acid	529	1,2-benzenedicarboxylic acid	272
pentacosanoic acid	74	1,4-benzenedicarboxylic acid	58
hexacosanoic acid	515	1,3-benzenedicarboxylic acid	34
heptacosanoic acid	24	4-methyl-1,2-benzenedicarboxylic acid	41
octacosanoic acid	131	benzenetricarboxylic acid 	10
nonacosanoic acid	8	1H-phenalen-1-one	873
triacontanoic acid	65	anthracen-9,10-dione	334
butanedioic acid	369	1,8-naphthalic anhydride	18
methylbutanedioic acid	240	benz(de)anthracen-7-one	418
pentanedioic acid	264	benz(a)anthracen-7,12-dione	74
hexanedioic acid	79	dibenzofuran	314
heptanedioic acid	137	nonanal	20
octanedioic acid	102	squalene	27
nonanedioic acid	406	acetosyringone	263
9-hexadecenoic acid	355	acetonylsyringol	205
9-octadecenoic acid	1255	levoglucosan	181673

Table S3. Modified source profile of Datong coal, China with the organic tracers used in the CMB model (µg g-1 OC).
	
 	Datong Coal, China
 	particle phase
n-pentacosane	1693
n-hexacosane	953
n-heptacosane	850
n-octacosane	528
n-nonacosane	969
n-triacontane	317
n-hentriacontane	448
n-dotriacontane	123
n-tritriacontane	113
iso-nonacosane	0
anteiso-triacontane	0
iso-hentriacontane	0
22,29,30-trisnorneohopane	95
17(H)-21(H)-29-norhopane	132
17(H)-21(H)-hopane	152
20S,R-5α(H), 14β(H), 17β(H)-cholestane	0
20R-5α(H), 14α(H), 17α(H)-cholestane	0
20S,R-5α(H), 14β(H), 17β(H)-ergostane	0
20S,R-5α(H), 14β(H), 17β(H)-sitostane	0
9-hexadecenoic acid	1194
9-octadecenoic acid	0
nonanal	68
benzo(k)fluoranthene	1931
benzo(b)fluoranthene	1986
benzo(e)pyrene	1191
benzo(a)pyrene	0
indeno(cd)pyrene	2261
benzo(ghi)perylene	2099
picene	300
indeno(cd)fluoranthene	658
naphtho(1,2-k)fluoranthene	810
dibenzo(b,k)fluoranthene/thaphtho(2,3-b)fluoranthene	678
dibenzo(a,e)pyrene	279
naphtho(2,1-a)pyrene	274
benz(de)anthracen-7-one	1099
levoglucosan	0

Table S4. Monthly-average concentrations of EC, OC, ions (µg m-3), and organic compounds (ng m-3) in Beijing PM2.5. (n=5).
Compound	January	April	July	October
 	Mean	Std	Mean	Std	Mean	Std	Mean	Std
EC	2.03	0.45	2.91	0.85	3.06	0.71	4.01	0.81
OC	23.4	6.3	19.1	4.1	16.4	2.9	24.9	4.9
sulfate	8.46	1.99	16.8	3.0	28.5	2.4	15.1	2.0
nitrate	5.03	1.17	15.1	1.8	5.51	1.83	17.9	2.4
ammonium	3.41	0.85	7.99	1.19	7.40	1.18	7.19	1.13
heptadecane	55.8	24.1	3.53	1.40	0.94	0.71	1.20	1.38
octadecane	71.5	31.2	7.59	1.41	1.26	0.51	3.46	0.39
nonadecane	63.4	34.6	10.9	1.4	2.73	1.17	7.00	1.06
eicosane	70.5	36.8	16.2	3.4	1.90	0.50	12.0	2.1
heneicosane	75.6	39.5	24.0	6.3	2.94	0.67	21.9	3.5
docosane	80.2	42.7	23.3	7.9	4.00	0.85	33.3	6.6
tricosane	81.2	45.4	29.6	7.7	7.28	1.26	51.5	11.2
tetracosane	53.8	30.1	22.4	4.1	6.34	1.09	41.3	8.3
pentacosane 	50.9	28.8	24.9	4.8	11.1	3.0	45.4	8.9
hexacosane	31.3	18.0	15.2	2.9	6.68	2.17	29.1	5.7
heptacosane	23.4	13.1	17.6	2.9	10.9	3.2	26.8	5.6
octacosane	10.5	6.5	8.06	2.00	5.07	1.62	13.9	3.6
nonacosane	13.7	6.3	16.3	2.7	12.0	3.4	25.7	4.9
triacontane	4.64	3.73	5.17	1.95	3.80	1.62	9.92	3.51
hentriacontane	9.44	4.17	11.9	3.8	10.8	4.0	25.0	9.0
dotriacontane	2.10	2.14	2.76	1.48	2.16	1.17	5.95	2.78
tritriacontane	4.00	2.21	4.39	1.87	4.28	2.14	11.5	5.0
tetratriacontane	1.73	1.19	2.03	0.81	1.97	0.69	4.60	2.06
pentatriacontane	1.61	0.98	1.54	1.12	1.66	0.70	3.78	1.59
hexatriacontane	0.68	0.59	0.82	0.55	0.57	0.40	1.12	0.81
pentadecylcyclohexane	0.85	0.53	0.61	0.21	 	 	0.32	0.29
hexadecylcyclohexane	0.78	0.35	0.68	0.27	 	 	0.61	0.14
heptadecylcyclohexane	0.85	0.38	0.77	0.37	0.10	0.03	0.91	0.26
octadecylcyclohexane	0.76	0.71	0.88	0.35	0.28	0.14	1.37	0.50
iso-nonacosane	0.33	0.38	0.42	0.50	0.42	0.33	1.34	0.75
anteiso-triacontane	1.29	0.42	1.88	0.76	1.34	0.71	3.70	1.58
iso-hentriacontane	1.88	0.89	1.70	1.40	1.51	0.99	3.83	2.91
iso-tritriacontane	0.21	0.47	0.50	0.75	0.50	0.57	1.49	1.46
22,29,30-trisnorhopane	2.68	1.42	0.73	0.28	0.24	0.10	1.26	0.50
22,29,30-trisnorneohopane	1.37	1.14	0.16	0.16	0.03	0.06	0.31	0.27
17α(H)-21β(H)-29-norhopane	4.75	2.47	2.19	0.77	1.13	0.46	3.88	1.43
18α(H)-29-norneohopane	0.34	0.21	0.65	0.12	0.41	0.10	1.11	0.42
17α(H)-21β(H)-hopane	4.94	1.87	4.13	1.26	2.72	0.88	7.42	2.83
22S-17α(H),21β(H)-homohopane	1.22	0.40	1.15	0.42	0.77	0.25	1.91	0.71
22R-17α(H),21β(H)-homohopane	1.43	0.59	1.04	0.33	0.70	0.27	1.91	0.71
22S-17α(H),21β(H)-bishomohopane	0.69	0.23	0.77	0.25	0.58	0.17	1.42	0.54
22R-17α(H),21β(H)-bishomohopane	0.77	0.30	0.64	0.20	0.46	0.16	1.16	0.44
22S-17α(H),21β(H)-trishomohopane	0.60	0.35	0.46	0.17	0.37	0.13	0.89	0.35
22R-17α(H),21β(H)-trishomohopane	0.34	0.12	0.33	0.13	0.25	0.09	0.56	0.23
20S,R-5α(H), 14β(H), 17β(H)-cholestane	0.48	0.28	0.61	0.24	0.33	0.12	1.01	0.38
20R-5α(H), 14α(H), 17α(H)-cholestane	0.36	0.22	0.52	0.22	0.29	0.10	0.81	0.34
20S,R-5α(H), 14β(H), 17β(H)-ergostane	0.75	0.54	0.65	0.25	0.33	0.11	1.18	0.43
20S,R-5α(H), 14β(H), 17β(H)-sitostane	1.10	0.45	0.92	0.32	0.55	0.17	1.55	0.56
tetradecanoic acid 	7.91	3.50	7.62	2.49	8.69	3.29	12.1	3.5
pentadecanoic acid 	6.91	2.47	4.39	1.15	6.15	2.06	7.81	2.37
hexadecanoic acid	79.9	39.2	78.9	29.1	55.4	23.5	155	54
heptadecanoic acid	6.18	2.45	5.03	1.19	3.65	1.25	8.38	3.88
octadecanoic acid	34.1	16.4	39.5	13.9	21.8	11.2	82.1	49.3
nonadecanoic acid	4.13	1.69	2.55	0.39	1.75	0.54	4.07	0.95
eicosanoic acid	10.4	4.1	8.87	1.58	4.31	1.51	17.9	5.6
heneicosanoic acid	5.62	2.35	3.87	0.61	1.96	0.61	7.03	1.85
docosanoic acid	16.6	7.7	15.6	2.4	8.03	2.69	31.9	10.2
tricosanoic acid	7.96	3.69	7.45	0.88	3.75	1.12	15.5	4.1
tetracosanoic acid	21.9	13.3	17.6	2.1	9.98	2.61	38.0	11.5
pentacosanoic acid	4.98	2.92	3.86	0.62	2.31	0.61	7.57	2.03
hexacosanoic acid	18.1	16.1	9.77	1.71	6.37	1.66	19.2	5.8
heptacosanoic acid	1.91	1.31	1.77	0.39	1.39	0.44	2.74	0.84
octacosanoic acid	8.64	6.62	7.34	1.54	6.47	2.01	13.7	4.1
nonacosanoic acid	0.83	0.46	1.14	0.36	1.00	0.41	2.05	0.80
triacontanoic acid	3.36	1.50	4.61	1.31	4.35	1.65	10.6	3.7



Table S4. (continued)								
Compound	January	April	July	October
 	Mean	Std	Mean	Std	Mean	Std	Mean	Std
9-hexadecenoic acid	4.98	2.25	2.36	0.62	2.81	1.43	3.59	0.84
9-octadecenoic acid	17.3	7.6	4.31	3.84	3.54	3.02	33.7	37.9
propanedioic acid	5.27	2.07	3.95	2.39	7.02	2.28	10.2	4.1
butanedioic acid	28.8	10.2	22.2	6.6	29.0	12.2	44.0	10.2
methylbutanedioic acid	15.6	6.0	9.65	3.21	6.00	2.39	15.2	2.4
pentanedioic acid	14.7	4.6	12.1	3.6	12.7	5.4	17.9	4.4
hexanedioic acid	4.93	1.42	7.23	2.63	9.87	3.72	10.4	3.2
heptanedioic acid	1.48	0.74	3.93	2.06	5.68	4.21	4.52	1.02
octanedioic acid	3.50	1.41	6.76	2.22	8.94	4.05	10.8	3.2
nonanedioic acid	16.4	9.4	24.3	11.2	24.9	13.5	41.5	8.2
1,2-benzenedicarboxylic acid	36.0	11.2	16.7	5.8	28.8	13.9	52.0	9.7
1,4-benzenedicarboxylic acid	12.5	5.0	11.4	3.3	9.43	1.67	22.4	5.7
1,3-benzenedicarboxylic acid	1.12	0.33	0.98	0.35	1.06	0.41	2.23	0.54
4-methyl-1,2-benzenedicarboxylic acid	8.87	2.66	3.72	1.19	5.34	2.17	6.73	2.06
benzenetricarboxylic acid 	1.14	0.47	0.62	0.23	0.71	0.32	2.68	2.25
pimaric acid	3.81	3.72	1.61	1.50	0.32	0.35	8.45	5.41
sandaracopimaric acid	2.66	2.07	1.41	0.55	 	 	3.54	2.76
isopimaric acid	23.3	16.7	6.45	4.81	 	 	27.3	21.3
dehydroabietic acid	51.3	37.2	39.5	21.4	16.8	10.0	105	65
abietic acid	26.0	12.0	3.78	3.45	1.17	1.21	10.6	2.0
abieta-6,8,11,13,15-pentae-18-oic acid	19.4	8.4	5.37	1.42	4.28	1.96	12.3	5.5
abieta-8,11,13,15-tetraen-18-oic acid	3.57	2.32	1.61	0.68	1.29	0.45	3.95	2.04
7-oxodehydroabietic acid	47.7	24.6	59.2	26.8	57.4	24.8	141	60
fluoranthene	43.5	16.0	6.62	0.50	1.38	0.29	7.86	1.05
acephenanthrylene	5.99	3.51	0.52	0.06	0.12	0.03	0.86	0.22
pyrene	35.3	15.5	5.80	0.43	1.43	0.26	7.59	1.16
retene	161	111	12.3	3.2	1.32	0.85	20.4	7.8
methyl-substituted MW 202 PAH	44.4	26.2	4.55	0.25	1.10	0.11	7.36	1.48
benzo(ghi)fluoranthene	8.01	3.07	2.18	0.35	0.60	0.10	3.79	0.86
cyclopenta(cd)pyrene	2.66	1.79	0.17	0.09	0.07	0.08	0.44	0.24
benz(a)anthracene	16.3	8.9	2.33	0.38	0.64	0.12	5.38	1.76
chrysene/triphenylene	23.1	9.6	6.97	1.28	2.16	0.14	12.5	2.8
methyl-substituted MW 228 PAH	16.0	10.1	2.64	0.41	0.80	0.12	5.97	1.76
methyl-substituted MW 226 PAH	5.13	2.65	1.07	0.23	0.35	0.06	2.32	0.64
benzo(k)fluoranthene	15.6	7.9	4.42	1.20	2.04	0.40	9.69	3.00
benzo(b)fluoranthene	10.7	4.3	3.81	1.03	1.60	0.37	8.49	2.80
benzo(j)fluoranthene	1.96	1.28	0.19	0.07	0.05	0.03	0.57	0.31
benzo(e)pyrene	8.68	3.68	3.41	0.83	1.68	0.31	6.84	1.82
benzo(a)pyrene	8.33	3.97	1.67	0.52	0.68	0.17	4.20	1.75
perylene	1.43	0.96	0.20	0.09	0.08	0.05	0.56	0.23
indeno(1,2,3-cd)pyrene	8.83	4.11	3.03	0.96	1.72	0.54	6.96	2.22
benzo(ghi)perylene	9.03	3.44	4.05	1.12	2.36	0.67	8.38	2.04
picene	1.34	0.60	0.47	0.14	0.27	0.07	0.95	0.23
indeno(1,2,3-cd)fluoranthene	2.99	1.16	1.25	0.30	0.70	0.24	2.66	0.73
coronene	2.50	0.68	1.61	0.50	1.06	0.37	3.10	0.72
naphtho(1,2-k)fluoranthene	2.64	0.98	0.99	0.31	0.58	0.21	2.21	0.59
dibenzo(b,k)fluoranthene	2.16	0.94	0.60	0.22	0.33	0.13	1.52	0.45
and naphtho(2,3-b)fluoranthene	 	 	 	 	 	 	 	 
dibenzo(a,e)pyrene	0.87	0.36	0.25	0.10	0.11	0.07	0.67	0.19
naphtho(2,1-a)pyrene	1.10	0.44	0.38	0.10	0.24	0.07	0.91	0.25
nonanal	3.56	7.74	2.63	4.91	0.36	0.81	1.15	1.89
1H-phenalen-1-one	6.75	4.17	1.20	0.30	0.24	0.22	2.33	0.59
anthracen-9,10-dione	15.9	4.1	4.41	0.62	1.26	0.40	5.10	0.68
1,8-naphthalic anhydride	2.59	0.77	1.53	0.36	0.69	0.24	3.20	2.53
benz(de)anthracen-7-one	5.92	2.16	2.38	0.61	1.00	0.33	4.80	1.25
benz(a)anthracen-7,12-dione	2.31	0.72	1.34	0.41	0.76	0.31	2.41	0.74
levoglucosan	1010	946	473	421	 	 	2407	1628
dibenzofuran	1.53	0.48	0.10	0.04	0.03	0.03	0.15	0.07
squalene	1.24	1.01	0.02	0.03	0.70	1.11	1.03	0.70
Table S5. Multiplier used for accounting for oxygen associated with elements.
					
Element	Symbol	Multiplier	Oxides		
Ca	cao	1.4	CaO 		
Si	sio	2.14	SiO2		
Al	alo	1.9	Al2O3		
Fe	feo 	1.43	Fe2O3		
Ag	ago	1.15	AgO		
Ba	bao	1.12	BaO		
Cd	cdo 	1.14	CdO		
Cr	cro	1.92	CrO3		
In	ino	1.2	In2O3		
K	pot	1.2	K2O 		
Mn	mno	2.02	Mn2O7		
Ni	nio	1.27	NiO		
P	phos	3	PO4 		
Sb	sbo	1.33	Sb2O5		
Ti	tio 	1.67	TiO2 		
V	vo 	1.78	V2O5		
Ga	gao	1.69	Ga2O3		
As	aso	1.53	As2O5		
Se	seo 	1.61	SeO3		
Rb	rbo	1.37	Rb2O4		
Sr	sro 	1.37	SrO2		
Zr	zro	1.35	ZrO2		
Pd	pdo	1.15	PdO		
Hg	hgo 	1.08	HgO 		
Cu	cuo	1.25	CuO		
Pb	pbo	1.15	PbO2 		
Mo	moo 	1.5	MoO3		
Sn	tin 	1.13	SnO 		
					
Note 1. "Crustal" in Figure 1 is computed by the following equation:	
"Crustal"=(sio+alo+feo+tio+mno+cao+pot)*1.17		
		
					





